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Abstract
I conducted a two-year study of the North American porcupine (Erethizon 
dorsatum), in a partially burned landscape within the Bridger-Teton 
National Forest and Grand Teton National Park, Wyoming from 1994-95. My 
objectives were to describe the population characteristics of porcupines in the 
study area, compare habitat porcupines used to habitat generally available in 
the study area, predict which habitats are most likely to be used by porcupines, 
and describe the individual habitat preferences of radio-collared porcupines. 
Winter sighting data from line transects were used to estimate the porcupine 
population in the 23 km2 study area at 80 animals, or 3.4 animals/lon2. The 
sex ratio of captured animals was skewed toward females (1: 2.15). In winter, 
line transects were skied to collect information on habitat parameters at sites 
where porcupines were found, and at systematically selected locations 
throughout the study area. The parameters which best predicted porcupine 
winter habitat use were distance to a gross habitat edge, type of gross habitat 
edge, dbh of the largest tree on site, depth of char on sites burned by wildfire, 
and dominant tree species. In winter, porcupines selected habitats close to an 
open edge, w ith trees of significantly greater dbh than expected based on 
availability. Porcupines preferentially used lodgepole pine (Pinus contorta) 
forests in the winter, and areas burned by stand-killing fire did not show any 
porcupine use in winter.
In summer, habitat parameters were recorded at radio-telemetry locations of 
porcupines, and at random sites paired with each porcupine location. 
Porcupines used sites w ith high levels of hiding cover, large numbers of dead 
trees, and greater overstory and understory cover than expected based on 
availability w ithin each porcupine's home range, possibly because this 
increased shade and protection from predators.
Keywords: porcupines, wildfire, populations, habitat use, edge, hiding cover
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOW LEDGEM ENTS
I am indebted to my committee members at the University of 
M ontana. My committee chairm an. Dr. Daniel H. Pletscher, Director of the Wildlife 
Biology Program, has continually challenged and encouraged me. I have the utm ost 
respect and adm iration for his ability as a scientist, his skill and caring as a teacher, 
and his enthusiasm  for wildlife conservation. Dr. Pletscher's ability to solve 
problem s w as truly invaluable to this study. He has been a true m entor to me. Dr. 
Alan McQuillan, co-chairman of my graduate committee, has provided an 
appreciation of the social and educational aspects of this project. Also, Dr. 
M cQuillan's perspective on environm ental issues and ethics has deeply affected my 
approach to conservation issues. Dr.'s Ron Wakimoto and Kerry Foresman both 
w ere extremely helpful w ith  providing specialized inform ation and technical 
advice. Furtherm ore, their support and interest in this research project has been 
extremely encouraging. Thanks also to the Wildlife Biology Program at the 
University of M ontana, for generosity in loans of equipment.
A special thanks to Dr. Hans Zuuring in the Departm ent of Forestry at the 
University of M ontana. His patience and extensive knowledge of data analysis 
helped me to use statistics in a sound and ethical manner, for which I am deeply 
grateful. Dr. Zuuring 's encouragem ent and w ry hum or was also m uch appreciated. 
Dr. Joe Ball unstintingly provided advice on technical writing. Erik Ringelberg's 
assistance w ith com puters w as endless, and his friendship and sly sarcasm were 
greatly appreciated.
M uch gratitude is due to the Great Plains Wildlife Institute (GPWI), it's 
Director, Tom Segerstrom, his partner Steve Robertson, biologists Billy Helprin, 
Karen McCracken, and Lorrie Lee. Also thanks to Lorrie Lee and Angélique Hill for 
their efficient office adm inistration. GPWI funded m any of the expenses of the field 
portion of this study. GPWI staff biologists, and Tom Segerstrom in particular, were 
extremely generous w ith time and advice. Additionally, the clients of GPWI 
participated in this research project, and assisted in gathering field data wherever 
possible. W ithout their patronage and their fascination by porcupines, this project 
w ould not have been possible.
Larry W arren and A ndy N orm an at the Bridger-Teton National Forest district 
office w ere responsible for m apping and digitizing the 1988 and 1994 wildfire 
perim eters. Both Larry and A ndy gave me a great deal of their time, and patiently 
answ ered my questions.
I am deeply grateful to my family and friends, who have always backed my 
endeavors. My m other and father in particular encouraged m y love for the 
environm ent, and my desire to advocate wildlife conservation. Suzie Fowle was a 
constant friend and ally. Jon H unt was a tireless field assistant, provided a 
snowmobile for access to remote areas of the study site, and broke trail for m e in 
deep snow  m ore than once. W ithout his generosity, his interest in porcupines, and 
especially his love and support, this project w ould not have been possible.
Ill
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
Table Page
1. Summ ary of m ark and resight data,
sex ratio, and age inform ation......................................................................... 8
2. Summary of mortality da ta ...............................................................................9
3. List of habitat param eters m easured, m ode
of m easurem ent, and relevant citation....................................................... 20
4. T-test results from w inter transect data 1994-95....................................... 23
5. Chi-square results from w inter transect data,
w inters 1994-95.................................................................................................. 24
6. Chi-square table from winters 1994-95 on
dom inant tree species.......................................................................................25
7. DFA results for w inter habitat data .............................................................. 27
8. Results of "Chance" analysis of w inter DFA............................................. 28
9. W inter t-test results on radio-telemetry data ..............................................29
10. Summer t-test results....................................................................................... 31
11. Summer chi-square analysis results.............................................................32
12. DFA results for sum m er habitat da ta .......................................................... 33
13. Results of "Chance" analysis of sum m er DFA..........................................34
14. Seasonal differences t-test results..................................................................36
15. Seasonal differences chi-square results........................................................37
16. W inter foods eaten by porcupines across
N orth America...................................................................................................39
I V
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF HGURES
Figure Page
1. M ap of the study area, on Teton National 
Park and the Bridger-Teton National Forest, 
w ith  b u m  perim eters............................................
2. M ap of the study area, on Teton National 
Park and the Bridger-Teton N ational Forest,
w ith  b u m  perimeters and porcupine locations.......................................... 10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF APPENDICES
Appendix Page
A. Porcupine capture data: m easurem ents,
weight, sex, d a te ................................................................................................51
B. Inform ation on d rug  doses used to capture 
porcupines and associated immobilization
and recovery periods............................................................................;............53
V I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
Page
ABSTRACT..........................................................................................................................ii
ACKNOWLEDGEMENTS..............................................................................................iii
LIST OF TABLES...............................................................................................................iv
LIST OF FIGURES..............................................................................................................v
LIST OF APPENDICES....................................................................................................v i
I. INTRODUCTION.............................................................................................................1
IL POPULATION CHARACTERISTICS......................................................................... 3
METHODS........................................ 5
RESULTS.............................................................................................................................. 6
DISCUSSION..................................................................................................................... 11
LITERATURE CITED  ............................................................................................ 12
m . WINTER AND SUMMER HABITAT USE.............................................................16
Study A rea.................................................................................................................... 17
METHODS..........................................................................................................................18
W inter............................................................................................................................ 18
Sum m er..........................     19
Data Analysis.......................................................................   21
RESULTS............................................................................................................................ 22
W inter............................................................................................................................ 22
Sum m er........................................................................................  26
Seasonal........................................................................................... 1............................ 35
DISCUSSION..................................................................................................................... 35
SUMMARY........................................................................................................................ 43
LITERATURE CITED.......................................................................................................47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
INTRODUCTION
The N orth  Am erican porcupine (Erethizon dorsatum) has the 
northernm ost range of all porcupine species, ranging across N orth  America as 
far as northern Alaska, and as far south as northern Mexico. Porcupines are the 
only quilled m am m als on the continent, and are second in size am ong rodents 
only to the beaver (Castor canadensis). These largely nocturnal rodents alter 
their foraging habits between seasons (Dodge 1967, Tenneson and Oring 1985, 
Roze 1984, 1989). In summ er, porcupines typically m ove and forage on the 
ground, eating herbaceous plants. Reliance on coniferous trees for food and 
cover begins in au tum n and continues throughout w inter (Murie 1926, Roze 
1989, Sweitzer and Berger 1993). The porcupine's prim ary food source in w inter 
is the phloem  and cambium of coniferous trees; in some tree species they also 
feed on needles. M ovements of porcupines are restricted in w inter com pared to 
sum m er, because deep snow found in their northern habitats makes travelling a 
high energy activity (Oveson 1983, Roze 1985, 1989). The short legs and round 
shape of porcupines makes m ovem ent through snow  especially difficult. 
Porcupines are ecologically im portant herbivores: Treetops killed by porcupines 
provide roosting spots for raptors and nest sites for hole-nesting birds. Twigs 
dropped by  porcupines from feeding trees in w inter m ay be an im portant source 
of food for anim als such as deer (Odocoileus spp.) and  snowshoe hare (Lepus 
americana) (Shapiro 1949, Smith 1982, Roze 1985). Trees killed by porcupines 
could provide grubs for animals such as the black bear (Ursus americana). In my 
study area, I often observed raptors perching on dead snags created by porcupines 
girdling healthy trees. In the m iddle of dense trees, a large dead snag could be an 
im portant vantage point for avian forest predators to hun t from. Nevertheless, 
the porcupine is m aligned in N orth  America. M any people claim the animal 
destroys commercial forests, dam ages private property by chewing, and is a 
danger to pets and livestock due to its capability of "throw ing its quills" (Curtis 
1944, Roze 1989). The porcupine m ay be a pest in certain instances, but m uch of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
its reputation, especially that of throw ing it's quills, is unw arranted (Curtis and 
W ilson 1953, Tenneson and Oring 1985, Roze 1989, Kenneth Griggs, D.V.M., 
Teton Veterinary Clinic, Jackson, W yoming, pers. commun. 1994).
Very little inform ation is available on the effects of fire on most 
m am m alian species. The gap in research on this topic is a serious one, because 
fire m anagem ent has become a m ajor objective for m any land managers, 
especially in the northw estern U nited States. Porcupine's response to habitat 
disturbance, such as fire, has never been studied. My objectives were to describe 
the population characteristics (population estimate and sex ratio) of a sam ple of 
porcupines in the study area (Chapter I), com pare the habitat porcupines used 
w ithin the study area to the habitat available to them, predict which habitats 
porcupines are likely to use in the study  area, com pare w inter and sum m er 
habitat use by porcupines, and describe the individual habitat use of radio­
collared animals (Chapter II). My project commenced in January 1994, and field 
w ork w as com pleted in late A ugust of 1995. Data on porcupine population 
characteristics were collected in the w inters of 1994 and 1995; habitat use data 
w ere collected during  the same w inters, and in the sum m er of 1995. I used a 
m odification of standard  capture-recapture technique to estim ate porcupine 
population density in the study  area (Minta and Mangel 1989, G ardner and 
M angel 1996). Porcupines are easily tracked and observed in the winter. In 
sum m er, however, w hen porcupines dw ell on the ground in dense cover, they 
are difficult to find (Roze 1989). Line transects were therefore used to collect data 
on porcupine habitat use in the w inter. In summ er, radio-telem etry w as used to 
locate animals and describe their habitat preferences.
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CHAPTER I 
POPULATION CHARACTERISTICS
Densities of porcupines vary across N orth America. In British Columbia, 
porcupine density in a lim ber pine (Pinus flexilis) krum m holtz habitat was 
approxim ately 8.8 per km^ (Gill and Cordes 1972). Thirty porcupines were 
counted on a single acre of sweet com  field in New  England, translating to a 
theoretical density of 7,413 anim als per km2 (Faulkner and Dodge 1962). Krefting 
et al. (1962) said that 25 - 75 porcupines per km2 were killed in a single control 
effort in the Lake States. In an eastern M ontana prairie habitat, porcupine 
density in hardw ood (Acer negote) draw s w ere 6.0 per km2 (Hendricks and 
Allard 1988). Brander (1973) found population densities ranged from 9.3 - 16.6 
animals per km 2 in Michigan. From snow tracks, Roze (1984) estim ated 
porcupine density in his Catskill study area at 10.7 per km 2. Between 1962 and 
1979, porcupine density in the Ottawa National Forest declined from 118 to 0.8 
an im als /k m 2  (Powell 1978). This decline in porcupines w as correlated w ith  the 
réintroduction of the fisher (Martes pennanti) to the area.
The response of porcupine populations to w ildfire has never been studied. 
Yet, understanding changes in anim al populations is an im portant com ponent 
in m anaging and conserving w ild populations. As im plem entation of prescribed 
burning in the U nited States increases, and attitudes tow ard w ildfire change in 
the scientific com m unity, understanding the effects of fire on animal 
populations has become desirable. M any variables, including wildlife habitat, 
affect anim al populations. H abitat data explain some variability in anim al 
populations, because w ithout suitable foraging and breeding habitat, wildlife 
populations cannot exist (Laudenslayer 1984). The objectives of my study were to 
estimate porcupine density, and describe the sex ratio of the porcupine 
population in the study area (Chapter II) (Fig. 1).
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Figure 1. Map of the study area, on Teton National Park and the Bridger-Teton 
N ational Forest. The 1988 w ildfire perim eter is red, and the 1994 w ildfire 
perim eter is orange.
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METHODS
I used  a modification of the capture-recapture technique to estimate 
porcupine populations. This technique involved capturing and visually 
recapturing porcupines (Minta and M angel 1989). Capturing and resighting 
porcupines disturbed the population less than recapturing animals. A grid of 15 
parallel line transects spaced 400 m apart, and 3 perpendicular transects spaced 
1200 m  apart, was generated. I oriented the transect grid random ly on the study 
area m ap for each set of w inter transects, and each set was completed on skis. In 
the w inter of 1994, 1 set of capture transects w as completed, and in 1995, a m ini­
set of capture transects w as skied to increase the m arked pool in the population.
Porcupines w ere located by a com bination of snow tracking and searching 
for scat, urine, twigs, and  freshly-chewed bark on trees. Once I located an animal 
in a tree or den, a hind-leg w as injected using a i m  jab-stick. I used 9 : 1 and 1 ; 1 
ratios of ketam ine hydrochloride (lOOmg/mL) to xylazine hydrochloride 
(40m g/m L) (Sweitzer and Berger 1992), to see if reducing the am ount of 
ketam ine hydrochloride in the dosage w as effective (Kenneth Griggs, D.V.M., 
Teton Veterinary Clinic, Jackson, W yoming, pers. commun. 1994). I underdosed 
porcupines (0.04 - 0.08 cc/kg), to reduce the stress of long periods of low 
m etabolism  (Clarke 1969, Chappell 1980, Oveson 1983, Gebrem edhin 1987). The 
effects of xylazine hydrochloride could have been reversed if necessary (reversal 
agent yohimbine) (Kenneth Griggs, D.V.M., Teton Veterinary Clinic, Jackson, 
W yoming, pers. com m un. 1994), bu t porcupines w ere allowed to recover 
w ithout the aid of yohimbine.
Once tranquilized, anim als w ere either low ered from the tree, using 2 m 
loops of 2.5 cm wide webbing, or w ere handled in the tree. I weighed the 
porcupines and m easured dorsal length, ventral length, sternal circumference, 
and length of the left rear pad. Color-coded eartags m ade of rubberized canvas 
w ere attached to the porcupine's ear cartilage by #7 standard metal fingerling tags
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(National Band and Tag Co., N ew port, Kentucky). I covered the porcupine's eyes 
during  captures, to reduce stress and prevent sun dam age to the retina, and 
w rapped  them  w ith a dow n vest to keep their body tem perature stable during 
recovery from tranquilization. Once recovered, the porcupines were released, 
and observed until they climbed a tree safely. After each capture, I resum ed my 
prior orientation on the line transect.
Once the set of captures in the w inter of 1994 w as completed, 1 set of 
transects to resight, or visually "recapture" porcupines w as skied. In 1995, 2 sets 
of resighting transects w ere completed. Each porcupine found was identified if 
m arked, or placed into a pool of unm arked animals. Resighting frequencies for 
each m arked porcupine w ere then developed, and these frequencies were 
entered into the "M ark-Resight Population Estimation Program " (G ardner and 
M angel 1996). This population program  used a M onte Carlo sim ulation to 
generate a probability distribution for the porcupine population. This probability 
distribution was used to com pute m axim um  likelihood estimates and a 
likelihood interval for the population.
After the 1994 wildfire burned the study area (Fig. 1) in September, I 
canvassed the entire burn  to look for porcupine carcasses. I walked in a zig-zag 
from the southw estern edge of the b u m  to the eastern perim eter w ith m y field 
assistant, w ho walked parallel to m y route, at a distance of 100 m.
RESULTS
Both the ketam ine hydrochloride/xylazine hydrochloride ratios used 
w ere effective. No porcupines w ere injured Or killed during  capture. Thirty-five 
anim als w ere individually m arked in 1994, and 8 animals in 1995. Porcupines 
w ere usually found in the vicinity of fresh scat, urine, and tree markings, b u t on 
3 occasions they had travelled m ore than 1.7 km. A total of 46 m arked (44%) and 
58 unm arked (56%) animals were resighted during 1994 and 1995. The greatest
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
num ber of times any individual m arked porcupine w as resighted w as 3 times. 
The probability of sighting an  anim al w hen present w as 0.90, and this probability 
w as used in the "M ark-Resight Population Estimation Program " to correct for 
imperfect sightability of the study animals (Gardner and Mangel 1996). The 
result of the m ark-resight population estim ation program  w as 80 porcupines/23 
km2 (95% Cl = 72 - 92), or 3.4 porcupines/km 2 (Table 1). Of the 41 captured and 
sexed animals, 13 w ere males and 28 were females (1 : 2.15 sex ratio) (Table 1).
Two porcupine m ortalities w ere observed during the 1994 field season.
The first m ortality w as a radio-collared female w ho w as run  over by a vehicle on 
the Shadow M ountain road in the study area. The second m ortality w as reported 
by the Teton Science School in the fall of 1994, just after the second w ildfire 
occurred. This anim al w as found in the sagebrush (Artemesia tridentata) flats, 
w here the fire had spread rapidly due to wind, and the body w as visibly charred. 
This was the only know n porcupine m ortality due to the 1994 wildfire, although 
the entire study area w as canvassed post-bum  to look for carcasses. In 1995, 6 
porcupine mortalities w ere observed. The first w as an unm arked animal, 
completely skinned in the m anner of a coyote (Canis latrans) kill (Keller 1935). 
The second mortality w as a m arked adult male porcupine (ear-tag #33), found 
dead under a tree that had been fed upon. This porcupine m ay have fallen from 
the tree w ith  fatal results, as there w as no external evidence of illness or attack by 
a p redator on the animal. Porcupines are known to fall from feeding trees; 36% 
of porcupine skeletons in m useum s and zoos have evidence of healed bone 
breaks and fractures, presum ably a result of falls (Roze 1989). The third m ortality 
was also a m arked adu lt m ale (ear-tag #29), found skinned in the m anner of a 
coyote kill (Keller 1935). The other 3 m ortalities w ere radio-collared porcupines, 
2 of w hich w ere found com pletely skinned w ithin 5 m  of their collars (Table 2). 
These radio-collared anim als w ere all located in or near the m ost intensely 
burned  area of the 1988 wildfire, and m ay have been more exposed to predation 
due to lesser am ounts of hiding cover available in this area (Fig. 2).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Sum m ary of porcupine sighting results from the transect data of the 
w inters of 1994-1995, and a sum m ary of sex and age data on 41 porcupines 
captured du ring  the w inters of 1994-95 in the northw estern W yoming study area.
n Percent of Resightings
Total # M arked 43
# M arked Resighted* 46 44%
# U nm arked Resighted 58 56%
Total # Sightings 104 100%
pi 0.90
MLE2 80.03
95% Cl 72.0-92.0
A dult M ales 12 
A dult Females 24 
Juvenile M ales 1 
Juvenile Fem ales 4 
Overall Sex Ratio (Males: Females) = 1 : 2.15
* Greatest number of times any marked individual was resighted = 3
1 probability of sighting an animal when present
2 Maximum likelüiood estimate
3 80 éinimals within 23.3 km^ study area, or 3.43 animals/km2
4 Juveniles were determined by dark color of pelage and small body size
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T able 2. M ortality data from years 1994 and 1995 on 6 m arked and 2 unm arkedi 
porcupines w ithin m y study area in northw estern Wyoming.
Year Sex Description 
of A nim al
Location Description of 
Scene2
Death 
in Burn
Predator-
caused
D eath
1994 f Marked with 
radio-collar
Shadow  
Mountain Road
Hit by vehicle, on 
side of road
n o n o
1994 * Unmarked 1994 "Row" Bum, 
sage flats
Body visibly 
charred
yes n o
1995 m Marked #33 Ditch Creek 
bottom
Under spruce that 
had been fed on, no 
sign of struggle
n o n o
1995 m Marked #29 1988 "Hunter" 
Bum
In a moderately 
burned area, 
skinned by coyote
yes yes
1995 * Unmarked 1988 "Hunter" 
Bum
Hotly burned area, 
skinned by coyote
yes yes
1995 f Marked with 
radio-collar
1988 "Hunter" 
Bum
Near hot bum, 
skinned by coyote
yes yes
1995 m Marked with 
radio-collar
1988 "Hunter" 
Bum
Near hot bum, 
skinned by coyote
yes yes
1995 f Marked with 
radio-collar
1988 "Hunter" 
Bum
Carcass not found yes *
75% 50%
* Unknown 
1 Three of the marked animals were only found because they were radio-collared. There may 
have been more mortalities than known, because porcupines are impossible to find in the 
summer without a radio-collar. The apparent skew toward marked animals being killed is 
therefore an artifact of being able only to find marked animals in summer, and is not due to 
any characteristic of the marking itself.
See text for citations
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Figure 2. Map of the study area, on Teton N ational Park and the Bridger-Teton 
N ational Forest. The 1988 "H unter" Burn perim eter is red, and the 1994 "Row" 
Burn perim eter is orange, w ith all w inter line-transect porcupine locations 
m arked in green.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DISCUSSION
The population estim ate of 3.4 anim als/km ^ is lower than  estimates of 
porcupine populations elsewhere in the northw est United States and Canada.
The lower estimate in this study area m ay be due to expanses of severely burned 
forest w hich excluded porcupine use in winter. Additionally, sagebrush 
m eadow s in the study area are interspersed w ith  forested areas, and provide 
usable sum m er habitat for porcupines, bu t exclude them  in the w inter due to 
lack of forage. H igher porcupine population estimates elsewhere may be a result 
of other researchers choosing study sites due to large num bers of porcupines in 
those areas. There are places w ithin m y study area in which porcupine densities 
are higher than  the overall estimate (Fig. 2).
The sex ratio of captured porcupines in the study area is comparable to 
those found in other studies. A female-biased sex ratio in porcupines has 
commonly been observed, such as ratios of 1.91, 1.70, 1.53, 1.14, 1.08, and 1.59 
(Gensch 1946, Spencer 1949, Krefting et al. 1962, Dodge 1967, Brander 1973, Roze 
1989).
The 3 porcupine m ortalities in the intensely burned portion of the study 
area could be correlated to the lower levels of hiding cover in the severely 
burned areas. Porcupines have been show n to use habitat in risk sensitive ways, 
despite their formidable arm or (Sweitzer and Berger 1992). The reduced cover 
due to severe fire m ay have increased the chances of predation on porcupines 
using habitat in the 1988 wildfire. Three animals is too small a sample size for 
any conclusions to be draw n, bu t I w ould recom m end this avenue for further 
research. N one of the other 6 anim als tha t w ere tracked in sum m er 1995 died 
from predation. However, 1 adult m arked m ale porcupine was killed in a 
m oderately burned area, and the unm arked adu lt found killed and skinned in 
1995 w as in a hotly burned section of the 1988 wildfire. Predator-caused 
m ortalities of porcupines because of fire m ay partially explain the relatively low
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population estim ate for the study area. However, Spencer (1964) found by 
dendrochronology tha t porcupine populations tend to peak approxim ately every 
10 years. Thus, it is impossible to say w hether porcupine populations are actually 
affected by the wildfires in m y study area, or are sim ply at a population low that 
has little to do w ith  fire.
The assum ptions for the capture and resighting technique used in this 
study  were essentially the same as for a traditional capture-recapture experim ent 
(Minta and M angel 1989). Captures m ust be random  samples of the population, 
m arked and unm arked anim als m ust be equally detectable, animals m ust be 
systematically resighted, geographic and dem ographic closure should be present, 
tags m ust not be lost, and observations m ust be consistently and correctly 
recorded. The single assum ption know n to be violated in m y study was the 
presence of geographic closure. However, despite the lack of clear geographic 
boundaries to the study area, it is unlikely that the assum ption of dem ographic 
closure was violated. Because porcupines are sedentary animals, especially in 
w inter w hen deep snow  restricts their m ovem ent, it is unlikely that anim als 
em igrated from the study area. Furtherm ore, porcupines w ith  radio-collars 
rem ained w ithin the boundaries of the study area. The strong home range 
fidelity of porcupines has been displayed in past studies on porcupine behavior 
elsewhere in the U nited States and Canada (Marshall et al. 1962, Smith 1979,
Craig and Keller 1986).
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CHAPTER II 
WINTER AND SUMMER HABITAT USE
Fire effects on m ost m am m als are little understood, and the im pact of fire 
on w inter and  sum m er habitat use of porcupines (Erethizon dorsatum) has never 
been studied. The arboreal behavior of porcupines in w inter has led to the 
assum ption that they are adversely affected by forest fire (Roze 1989). Fire can 
cause both  direct m ortalities and removal of arboreal cover and forage associated 
w ith  porcupines. The rem oval of h iding cover or forage in porcupine sum m er 
habitat could also adversely affect their populations in the short-term.
Wildfire and prescribed burning, as natural fragmentation processes, have 
been recognized in recent years as an  im portant com ponent of ecosystem health 
in the northw estern United States. The Bridger-Teton National Forest in 
W yom ing has requested research on w ildfire and m am m als to help them  
m anage w ild populations effectively. Extensive literature searches yielded few 
references to studies involving m am m als and fire. Most studies on w ildfire 
have exam ined the effects of different fire severities on vegetation. Land 
m anagers m ust infer, from these botanical studies, how  fire affects m am m als in 
their jurisdiction. My study w as designed to address the lack of research on 
porcupines and fire. Previous studies of porcupine populations have examined 
aspects of habitat use in a variety of landscapes. Eastern mixed conifer and 
deciduous forests (Marshall e t al. 1962, Speer and Dilworth 1978, Roze 1984, Roze 
1985), w estern coniferous forests (Smith 1979, 1982), desert shrub lands (Craig and 
Keller 1986, H endricks and A llard 1988), limber pine (Pinus flexilis) krum m holtz 
habitats (Gill and Cordes 1972), and the narrow  riparian corridors of southeastern 
W yom ing (Dr. Fred Lindzey, D epartm ent of Biology, Univ. of Wyo., pers. 
com m un. 1994) have been studied. W inter foraging behavior (Dodge 1967, 
H arder 1979a, 1979b, Roze 1984, Tenneson and Oring 1985), effects of predation on 
hab itat use (Sweitzer and Berger 1992), sum m er m ovem ents (Dodge 1967,
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M arshall et al. 1962, Roze 1989), and analysis of foraging behavior and home 
range from a silvicultural perspective (Smith 1979, 1982) have also been studied. 
The behavior of porcupines in the shrub desert of Arizona w as assessed by 
Reynolds (1957). The seasonal responses of porcupines to a habitat disturbance 
such as fire has never been explored, despite com mon assum ptions that these 
anim als are adversely affected by forest fire (Roze 1989). My objectives w ere to 
com pare the habitat porcupines used in sum m er and w inter to that w hich was 
available to them  in northw estern  W yoming following w ildfires in 1988 and 
1994.
S tudy  Area
I exam ined habitat use by porcupines in northw estern W yoming, on the 
eastern edge of G rand Teton National Park and the w estern edge of the Bridger- 
Teton N ational Forest (Fig. 1), an area of approxim ately 23 km2. Elevations 
range from 2055 m  to 2550 m. The topography of the study area includes slopes 
of gentle to m oderate steepness (0-15 degrees), w ith more abrupt changes (15-40 
degrees) along upper elevation streams. Forests cover approxim ately tw o-thirds 
of the study  area. Main overstory dom inant species are aspen (Populus 
tremuloides), lodgepole pine (Pinus contorta), and Douglas-fir (Psuedotsuga 
menziesii). Dry, south-facing exposures exhibit sparse stands of limber pine 
(Pinus flexilis). Small stands of Englem ann spruce (Picea englemanii) and  
subalpine fir (Abies lasiocarpa) occur in moist stream bottom s and shaded ravines. 
N arrow -leaf cottonw oods (Populus angustufolius), are found mainly in lower 
elevation stream bottom s.
A lightning strike ignited a fire w hich burned  approxim ately 8 km2 of the 
study  area in 1988. Some areas of this wildfire burned intensely, and killed large 
stands of aspen and lodgepole pine. A less intense wildfire burned this study 
area in the fall of 1994, and approxim ately 8 km2 of the study area was burned.
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Therefore, in the second field season of m y study, approxim ately 16 km2 of m y 
study  area w as burned to varying degrees (Fig. 1).
M ETHODS
W in te r
Line transects were skied to collect habitat data on porcupine use w ithin 
the study area. Each set of transects consisted of 15 parallel transects spaced 400 
m apart, and 3 transects perpendicular to the 15, spaced 1200 m  apart. W inter 
habitat use data w as collected at every porcupine location on the transects during 
the w inters of 1994 and 1995. Animals were located by a com bination of snow 
tracking and searching for twigs, scat, urine, and tree bark freshly chewed by 
porcupines. The location of each anim al was recorded using a M agellan global 
positioning system (GPS). H abitat param eters w ere m easured w ithin a circular 
study plot of 5 m radius, in w hich the porcupine itself (or the tree it was resting 
in) served as p lo t center. H abitat param eters m easured in w inter were; percent 
canopy cover, mean basal area of trees on site, burn severity, distance to the edge 
of a bum , percent slope, aspect, dom inant species of tree and shrub, dbh of the 
largest tree on site, distance to a gross habitat edge, type of gross habitat edge, dbh 
and species of the tree the porcupine w as feeding on, and presence or absence of a 
leaning tree (Table 3). I collected habitat data that characterized the study area 
systematically at 400 m  intervals on each line transect, w ith the first habitat point 
on each transect located 400 m from the starting point. H abitat param eters 
recorded at systematic sites were identical to those collected at used sites.
Six porcupines were located by radio-telemetry in the w inter of 1995.
These porcupines were captured using a 1 : 1 ratio of ketamine hydrochloride 
and  xylazine hydrochloride, injected w ith  a i m  jab-stick. Once tranquilized, the 
porcupines w ere lowered from the tree they were captured in, and an AVM 
radio-collar (AVM Instrum ents, 2356 Research Drive, Livermore, CA. 94550) was
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fitted to their necks. On each occasion porcupines w ere tracked, they were 
approached closely enough to be observed. H abitat data from radiotelem etry 
locations of porcupines w ere com pared to data on habitat generally available to 
those anim als specifically w ithin their hom e range. The available habitat data 
w as collected w ithin each anim al's w inter hom e range by using "Micro­
com puter Program s for the Analysis of Animal Locations, version 1.2" (Stuwe 
and Blowhowiak, n.d.) to generate harm onic m ean hom e ranges for each 
animal. Then 30 data points on available habitat w ere collected from line 
transects w ithin each porcupine 's hom e range. W hen compiled, the 
radiotelem etry habitat use data w ere analyzed, and the results com pared to those 
found from the line transect data.
S um m er
N ine porcupines were captured in the late w inter of 1995, and AVM radio­
collars (AVM Instrum ents, 2356 Research Drive, Livermore, CA. 94550) were 
placed on them. Three collars w ere placed on animals captured outside burned 
areas, 3 w ere fitted on animals in or near the 1994 wildfire, and 3 were fitted on 
anim als in or near the 1988 wildfire. Each animal w as located every 3 or 4 days. 
H abitat param eters, sim iliar to those used in the w inter field seasons, were 
recorded at each porcupine location (Table 3). I collected inform ation on 
available habitat w ithin each anim al's specific home range by pacing 50 m in a 
random  direction from each porcupine location, and  gathering habitat data on 
that site. Thus, for the sum m er portion of the study, used and available habitat 
data sites w ere paired.
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T able 3. List of habitat param eters recorded at sites used by porcupines and at 
system atically collected available habitat sites in the northw estern W yoming 
study  area (see text), m ode of m easurem ent, and relevant citations.
V ariablei M easurem ent C itation
Type of gross habitat Aspen, conifer, mix, sage, meadow.
edge riparian (compiled to open/closed)
Distance to edge Paced from plot center
Largest tree dbh Cm at breast height
% overstory Ocular estimate Daubenmire 1968, Pfister et 
al. 1977
% understory Ocular estimate Daubenmire 1968, Pfister et 
al. 1977
MBA2 live trees Size 5 basal area factor prism3
MBA dead trees Size 5 basal area factor prism
Depth of char Ocular estimate (unbumed, light, 
moderate, deep)
Ryan and Noste 1983
Flame length Ocular estimation (classes 1-5) Ryan aind Noste 1983
Dominant tree Species with greatest % cover Pfister et al. 1977
Dominant shrub Species with greatest % cover Pfister et al. 1977
Dominéint forb Species with greatest % cover Pfister et al. 1977
Degrees slope Clinometer
Aspect Compass- degrees azimuth
Distance to bum Paced if <300 m, or estimated w /bum  map
Occupied tree dbh Cm diameter at breast height
Spp. occupied tree Ocular identification
Leaning tree Presence/absence
Hiding cover 2 m long pole, 4 cm diameter, marked in 4 Wight 1938
cm intervals4. Set at plot center, sighted 
from N, S, E, W positions on plot perimeter
1 Hiding cover and dominant forb were assessed during summer only
2 Mean basal area
3 USFS standard size 5 prism method for estimating mean basal area
4 4 cm intervals in black and white, with fewer sighted intervals corresponding to greater hiding 
cover
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D ata A nalysis
The program  used for statistical analyses was the "Statistical Package for 
the Social Sciences", release 6.1, standard version (1994). Graphs, independent 
sam ples t-tests, paired t-tests, and chi-square tests w ere used to determ ine 
w hether habitat use and availability w ere significantly different in both sum m er 
and winter. To predict w here porcupines w ere m ost likely to be found, stepwise 
discrim inant function analysis (OFA) was used w ith univariately significant 
variables. For w inter data, 3 predictor variables were entered in the DFA: largest 
dbh  on site, distance to the nearest gross habitat edge, and dep th  of char. Lacking 
a completely independent set of data to test the w inter DFA model, 3 different, 
random  generations of 25% of the data w ere set aside to test the model. Thus I 
ran the m odel 3 times, each time using a separate, random , set of 75% of the data 
to build  the function, and "testing" the function w ith  a different random  set of 
25% of the data. The final w inter DFA results were then run through the 
"Chance" program  (Titus et al. 1984), to correct for the unequal sample sizes of 
the used and available data sets, and to evaluate how different the results were 
w hen com pared to chance alone. For the sum m er DFA model, hiding cover 
w as the only predictor variable used. To test the sum m er model, 3 different, 
random  generations of 40% of the data were set aside to test the model. I used 
40% of the sum m er data to have a test sam ple size greater than 30. The model 
w as run  3 times, each time using a separate, random , set of 60% of the data to 
build the model, and  w as "tested" w ith  a different, random  set of 40% of the data. 
The "Chance" program  w as also run  on the final sum m er DFA results, to 
evaluate how  m uch the results differed from chance alone.
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RESULTS
Winter Habitat Use
I d id  not find significant differences in habitat use between the w inters of 
1994 and 1995, and the data from the 2 w inters were combined for further 
analysis. I found statistically significant differences between used and available 
habitats for 8 of the 15 variables recorded. The distance to a gross habitat edge 
w as significantly less on used sites (15.7 m) than that available (89.8 m, p<0.001) 
(Table 4). Porcupines used sites w here the dbh  of the largest tree on site was 
significantly greater than that available (p=0.001). The m ean basal area (MBA) of 
live trees w as significantly greater on used sites compared to available sites 
(p=0.001), bu t the MBA of dead trees was significantly lower on used sites ( 
p=0.014). The depth  of char on burned sites also differed between used and 
available habitat (p<0.001); porcupines never used sites w ith  deep depth  of char, 
possibly because these sites often did not contain live trees.
The dom inant tree species in the plots differed significantly betw een used 
and available habitat (p<0.00001) (Table 5, 6). The m ost frequently used tree 
species, both as the dom inant species on site and as a feeding tree w as lodgepole 
pine. Porcupines m ost frequently used sites in close proximity to an open 
habitat edge, such as w here forest meets a m eadow  or sage flat, rather than a 
closed habitat edge (p<0.00001). Percent overstory cover w as divided into 6 
classes for analysis, and porcupines used sites w ith greater overstory coverage 
than that expected based on availability (p<0.00001) (Table 5).
I found the w inter DFA provided clear separation betw een used and 
available habitat groups, indicating that porcupines w ere selecting for specific 
habitat param eters in w inter. Three variables, distance to a gross habitat edge, 
largest tree dbh on site, and depth  of char w ere entered in the w inter stepwise 
DFA, because they w ere univariately significant variables. The function used
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T able 4. Independent samples t-test results^ on porcupine habitat use vs, 
general availability, from the 1994-95 w inter transect data.
Variable G roup n X sd t p
distance to edge used 147 15.7 16.6 -8.70 <0.001
ava il. 199 89.8 102.
larg. tree dbh used 147 15.8 8.30 3.46 0.001
av a il. 243 13.0 7.03
"in" live trees used 147 7.03 3.82 3.71 <0.001
av a il. 243 5.35 5.08
"in" dead trees used 147 1.48 1.53 -2.70 0.007
av a il. 243 2.01 2.29
depth of char used 34 2.21 0.41 -4.43 <0.001
av a il. 84 2.85 0.80
flame length used 34 2.32 0.88 -0.75 0.455
av a il. 84 2.48 1.05
slope used 147 7.57 6.82 -0.63 0.528
av a il. 243 8.05 7.59
aspect used 146 225. 82.8 1.50 0.135
ava il. 243 211. 93.6
distance to bum used 147 506. 799. 1.73 0.084
a va il. 243 393. 481.
% tree cover used 147 0.32 0.16 1.24 0.217
a v a il. 243 0.29 0.25
% shrub cover used 101 0.08 0.09 0.76 0.450
a v a il. 243 0.07 0.13
bumed/unbumed used 147 1.77 0.42 247 0.014
a va il. 243 1.65 0.47
1 Using Levene's test to choose from equal/unequal variance
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T able 5. Chi-square test results, com paring porcupine habitat use in the 
northw estern  W yom ing study area to that generally available, from the w inter 
transect data of 1994-95.
V ariable n d f Pearson Chi-Square P
dominant tree spp. 390 6 108.4 <0.00001
type of edgel 390 1 68.3 <0.00001
bumed/unbumed 390 1 5.7 0.01717
distance to edge 390 7 145.1 <0.00001
flame length 118 4 5.4 0.25169
depth of char 118 2 17.1 0.00019
overstorv class 390 5 63.6 <0.00001
open or closed gross habitat edge
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T able 6. Chi-square test of used vs. available dom inant tree species in the 
northw estern W yom ing study area during the w inters of 1994-95.
G roup ablai poan2
Dominant Tree Species
observed /used  5 
expected /a vailableS 7
2 98 
4 57
15
13
5
8
7
71
15
43
147
203
Totals 12 6 155 28 13 78 58 350
Pearson Chi-Square df P
108.418 6 <0.00001
pico cell: 29.5, or 27% of total Chi-Square value 
po tr cell: 57.7, or 53% of total Chi-Square value 
psme cell: 18.2, or 17% of total Chi-Square value
Sub-alpine fir (Abies lasiocarpa)
Narrowleaf cottonwood (Populus angustufolius)
Lodgepole pine (Pinus contorta)
Englemann spruce (Picea englemanii)
Limber pine (Pinus flexilis)
Aspen (Populus tremuloides)
Douglas-fir (Psueudotsuga menziesii)
Available habitat data were used for the expected values in the Chi-square test
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only distance to edge and the dbh of the largest tree on site, because the variable 
dep th  of char did not significantly add  to the predictive pow er of the model.
The DFA test runs yielded correct classification rates that were consistent 
and com parable to the final DFA run (Table 7). The w inter DFA results were 
then tested to evaluate how  m uch the results differed from chance alone, and 
corrected for the slightly unequal sam ple sizes of the used and available habitat 
data sets. The results of the sample-size corrected z-test showed significant 
departure from chance alone ( z = 11.6) (Table 8).
I also analyzed w inter radiotelem etry data, to examine w hether these data 
supported  the transect data. No differences existed between habitat use of 
radiotelem etered animals, and those located from line transects (Table 9). Due to 
the small sam ple size of the radiotelem etry data (n = 49 locations), there w as less 
variation than  in the transect data, bu t overall, very similiar trends were 
observed in both data sets. The telemetered porcupine's habitat use data were 
com pared to the habitat available specifically w ithin their hom e range, and 
sim iliar trends in habitat selection w ere displayed (Table 9). I therefore assum ed 
no problem s existed w ith  observability of porcupines using the line transect 
m ethod in w inter.
Sum m er H abitat Use
All 3 animals radio-collared near the severely burned area of the 1988 
w ildfire died in May and June. Two mortalities appeared to be coyote kills 
(Keller 1935), and the other m ortality could not be explained. The 6 rem aining 
porcupines w ere relocated from June to A ugust of 1995. Statistically significant 
differences between used sites and  paired random  habitat sites were found for 8 
of the 16 habitat param eters recorded. Porcupines used sites w here the dbh  of
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Table 7. Discrim inant function analysis results from the w inter 1994-95 transect 
data on porcupine habitat use vs. availability in the northw estern W yoming 
study area*.
R u n  % Correct Classification on M odel- % Correct Classification on Test
Building Runsl Runs2
(n = 292.53) (n = 97.54)
1 76 90
2 76 100
3 75 94
Correct Classification Final Run 77%
Canonical Correlation 0.48
2 <0.0001________
_________U nstandardized Canonical D iscrim inant Function Coefficients
Largest tree dbh -0.07
Distance to habitat edge 0.01
C onstant__________________________________________________0.28_______
_______ Canonical D iscrim inant Functions Evaluated at G roup Centroids
used -0.70
available 0.42
* Variables used in stepwise DFA: distance to habitat edge and dbh of largest tree on site
1 Each model-building run used a separate random generation of 75% of the data (see text)
2 Each test run used a separate random generation of 25% of the data (see text)
3 n = 260 for the variable big dbh: only forested sites were selected from used and available sites
4 n = 86 for the variable big dbh: only forested sites were selected from used and available sites
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Table 8. "Chance" program  evaluation of w inter DFA results^: to test deviation 
of correct classification rates from chance alone from Chance alone, correct for 
unequal sam ple size betw een used and available habitat groups, and test the 
pow er of the discrim inant function.
PC2 P03 KAPPA4 95%CI SE Z
0.49 0.78 0.57 0.49-0.65 4.91E-02 11.6
1 Evaluation of the final DFA mn, using n = 390 for distance to edge, and n = 346 for largest tree dbh 
(selecting only forested sites from used and available habitat sites)
2 Proportion of cases correctly classified by chance alone
3 Observed proportion of correctly classified cases
4 Cohen's kappa, the degreee observed results differ from chance alone
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Table 9. In d ep en d en t sam p les t-test resu ltsi o n  p orcu p in e habitat u se  vs. 
habitat ava ilab ility  w ith in  each  an im al's  h o m e range, from  1995 w in ter  rad io­
te lem etry  data.
Variable G rouo n  x sd  t d
larg. tree dbh used 39 12.9 3.42 4.57 <0.001
avail . 155 9.5 6.38
"in" live trees used 36 7.22 3.82 2.06 0.044
avail . 155 5.70 4.72
"in" dead trees used 36 1.97 1.48 0.45 0.654
avail . 155 1.78 2.46
depth of char used 19 1.95 0.78 -3.26 0.002
avail . 60 2.52 0.62
flame length used 19 2.11 0.99 0.39 0.701
avail . 60 2.02 0.83
slope used 39 8.23 6.84 2.35 0.023
avail . 155 5.50 4.87
aspect used 37 201. 98.1 0.74 0.459
avail . 154 188. 99.5
% tree cover used 39 0.43 0.21 3.33 0.001
avail . 155 028 0.25
% shrub cover used 39 0.03 0.06 -1.68 0.095
avail . 155 0.05 0.10
1 Using Levene's test to choose from equal/unequal variance
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the largest tree on the site w as greater than that generally available w ithin the 
study area (p<0.001). On sites porcupines used, the MBA of live trees (p<0.001), 
and the MBA of dead trees (p<0.001), w ere both m uch higher than expected based 
on availability. The am ount of hiding cover was also m uch greater on sites 
porcupines used (p < 0.001) (Table 10). The dom inant tree species found on 
used sites differed greatly from that available. The specific tree species recorded 
w ere divided into 3 classes (coniferous, deciduous, or none) for the purpose of 
chi-square analysis. In the sum m er, deciduous tree cover w as the most 
frequently used class (p = 0.0004). Open gross habitat edges were preferred by 
porcupines in sum m er (p < 0.0001), yet no significant differences in distance to 
gross habitat edges between used and available sites was found. Percent canopy 
cover of the overstory w as divided into 6 classes, and porcupines used habitat 
w ith greater canopy coverage than  that generally available (p = 0.0001).
Porcupines also chose to use sites w ith  higher understory coverage (p < 0.0001) 
(Table 11).
I found the sum m er DFA show ed clear separation between used and 
available habitat groups. H iding cover was the only variable used in the model, 
because the other variables d id  not significantly add to the predictive pow er of 
the discrim inant function. The DFA test runs yielded high rates of correct 
classification, and these rates w ere com parable to the final DFA run. The final 
DFA run, using the com plete data sets, yielded a correct classification rate of 76% 
(Table 12). The sum m er DFA results were tested to evaluate how  m uch the 
results differed from chance alone. The results of the sample-size corrected z- 
test show ed a significant departure of the sum m er DFA results from chance 
alone (z=5.20) (Table 13).
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Table 10. Paired t-test resultsi on porcupine habitat use in the northw estern 
W yom ing study  area vs. habitat availability w ithin  each porcupine's home 
range, from the sum m er radio-telem etry data in 1995.
Variable Group n X sd t p
distance to edge used 78 88.6 184. 1.60 0.114
avail . 100. 192.
larg. tree dbh used 44 12.81 5.30 1.87 <0.066
avail . 31 10.39 5.85
MBA live trees used 78 7.54 5.67 -4.63 <0.001
avail . 4.26 4.64
MBA dead trees used 78 2.85 2.88 4.93 <0.001
avail . 1.22 2.07
depth of char used 20 2.70 0.57 1.29 0.214
avail . 2.90 0.55
flame length used 20 2.10 0.97 0.75 0.464
avail . 2.30 0.73
slope used 78 7.83 8.05 -0.67 0.504
avail . 7.10 8.34
aspect used 78 211. 107. -0.32 0.750
avail . 207. 107.
distance to bum used 78 399. 259. 1.32 0.190
avail . 419. 265.
% tree cover used 71 0.38 0.26 4.99 <0.001
avail . 020 0.25
% shrub cover used 72 0.38 0.30 4.02 <0.001
avail . 0.22 0.22
% forb cover used 77 0.53 0.24 -0.53 0.599
avail . 0.51 0.25
bumed/unbumed used 78 1.74 0.44 -1.00 0.320
avail . 1.73 0.45
hiding cover used 78 114. 56.1 10.41 <0.001
avail . 186. 45.7
1 Using Levene's test choose from equal/unequal variance
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Table 11. Chi-square test results, com paring porcupine habitat use to habitat 
availability in the sum m er of 1995 in the northw estern W yoming study area.
V ariable n df Pearson Chi-Square p
dom inant tree class i 100 2 15.9 0.0004
type of habitat edgeZ 100 1 20.6 <0.0001
b urned  /  unburned 100 1 0.10 0.7471
flam e length 25 3 5.25 0.15411
dep th  of char 25 3 3.44 0.32874
overstory class) 100 5 26.4 0.0001
understory  class4 100 4 41.8 <0.0001
1 Deciduous, coniferous, or none
2 Open or closed gross habitat edge
3 Class 1 (0%), 2 (1-20%), 3 (21-35%), 4 (36-55%), 5 (56-75%), 6 (76-100%)
4 Class 1 (0-25%), 2 (26-45%), 3 (46-65%), 4 (66-80%), 5 (81-100%)
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T able 12. D iscrim inant function analysis results on the radio-telem etry habitat 
use and habitat availability data, sum m er of 1995*.
R u n  % Correct Classification on M odel- % Correct Classification on Test
Building Runsi Runs2
(n=60)
1 78
2 76
3 78
(n=40)
71
77
78
Correct Classification Final Run (n=100) 76%
Canonical C orrelation 0.57
P <0,0001
U nstandardized  Canonical D iscrim inant Function Coefficients
hiding cover 0.02
C onstant -2.94
Canonical D iscrim inant Functions Evaluated at G roup Centroids
used -0.68
available 0.68
* Variable used in stepwise DFA: hiding cover
1 Each model'building run used a separate random generation of 60% of the data (see text)
2 Each test run used a separate random generation of 40% of the data (see text)
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Table 13. "Chance" program  evaluation of sum m er DFA resultsi; to test for 
deviation of the correct classification rates from chance alone, and test the pow er 
of the discrim inant function.
PC2___________ P03_____ KAPPA4 95%CI_________ SE_______________Z___
0.50 0.76 0.52 0.349-0.691 8.54E02 5.20
1 Evaluation of the final DFA run, using n = 100
2 Proportion of cases correctly classified by chance alone
3 Observed proportion of correctly classified cases
4 Cohen's kappa, the degree the observed results differ from chance alone
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
Seasonal D ifferences in  H abitat Use
Porcupines use extremely different habitat in the sum m er com pared to 
winter. Seasonal differences in distances to a gross habitat edge were found (p < 
0.001) (Table 14). In summ er, porcupines d id  not appear to select sites as close to 
a gross habitat edge (88.6 m) as in w inter (15.7 m). Porcupines selected sites in 
sum m er w ith  trees of greater dbh  than expected based on availability w ithin 
their hom e ranges. However, the m ean largest dbh tree on used sites in sum m er 
w as smaller than  tha t used in w inter (p = 0.001). The dom inant tree species 
found on used sites in sum m er w as aspen (Populus tremuloides), rather than the 
conifers typically used in w inter (p < 0.00001) (Table 15). In summer, porcupines 
rarely rested arboreally, despite ubiquitous use of conifers as resting and feeding 
sites in winter. However, the dbh and species of those resting trees that w ere 
used m sum m er d id  no t differ from those used in w inter. Also, the overstory 
percent canopy cover class on used sites also d id  not differ between season (Table 
15). Seasonal differences in understory cover were dramatic, b u t this was m ainly 
due to deep snow in w inter covering the understory (p < 0.001) (Table 15).
D ISC U SSIO N
A positive edge effect on porcupines had not been reported prior to my 
study. Porcupines in my study  area prefer to rest and feed in areas that are close 
to a gross habitat edge, preferably an open edge, such where forest meets a 
m eadow  or sage flat. Preferential use of forest edges could be due to a num ber of 
reasons. One possible explanation is that healthy trees w ith large, open canopies 
produce larger annual grow th of phloem, cambium , and foliage than trees that 
are crow ded (Harder 1979a, W aring and Schlesinger 1985). Trees on an  open
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Table 14. Independent sample t-test resultsi, com paring porcupine habitat use 
betw een the w inters of 1994-95 and the sum m er of 1995 in the northw estern 
W yom ing study area.
V ariable G roup n X sd t P
distance to edge winter 148 15.6 16.5 -2.60 0.012
summer 49 72.6 152.
larg. tree dbh winter 147 15.8 8.30 3.52 0.001
summer 44 12.8 5.85
MBA live trees winter 147 7.03 3.82 -0.44 0.659
summer 50 7.42 5.74
MBA dead trees winter 147 1.48 1.53 -3.11 0.003
summer 50 2.84 2.95
depth of char winter 34 2.21 0.41 -1.84 0.087
summer 12 2.58 0.67
flame length winter 38 2.26 0.89 1.02 0.318
summer 12 2.00 0.74
slope winter 148 7.79 7.30 0.77 0.442
summer 49 6.88 6.87
aspect winter 147 226. 82.9 1.40 0.165
summer 49 203. 100.
distance to bum winter 147 506. 799. 1.27 0.205
summer 50 410. 250.
% tree cover winter 147 0.31 0.16 -2.04 0.046
summer 50 0.40 0.26
% shrub cover winter 147 0.07 0.12 -8.94 <0.001
summer 50 0.52 0.35
dbh roost tree winter 145 14.3 6.91 -1.32 0.222
summer 8 16.8 4.95
bumed/unbumed winter 148 1.77 0.42 .216 0.829
summer 49 1.76 0.43
1 Using Levene's test to choose from equal/unequal variance
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Table 15. Chi-square test results, com paring porcupine habitat use between the 
w inters of 1994-95 and the sum m er of 1995 in the northw estern W yoming study 
area.
Variable n df Pearson Chi-Square P
dom inant tree speciesi 197 2 89.9 <0.001
type of edge2 197 4 7.97 0.093
species of used tree 197 6 152.3 <0.001
burned  /  unburned 197 1 0.02 0.900
leaning tree3 153 1 0.55 0.457
1 Sub-alpine fir (Abies lasiocarpa)
Narrowleaf cottonwood (Populus angustufolius) 
Lodgepole pine (Pinus contorta)
Englemann spruce (Picea englemanii)
Limber pine (Pinus flexilis)
Aspen (Populus tremuloides)
Douglas-fir (Psueudotsuga menziesii)
2 Open or closed gross habitat edge
3 Presence or absence
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habitat edge m ay be healthier than trees in a tight stand, which have to cope w ith 
high levels of com petition for resources (W aring and Schlesinger 1985). Other 
researchers have show n that porcupines are proficient at selecting high quality 
forage throughout the year (Faulkner and Dodge 1962, Tenneson and Oring 1985, 
and Roze 1984,1987).
The preference of porcupines for sites w ith larger dbh trees than those 
available has been found elsewhere in N orth  America. The dbh and growth 
form of trees have been used to discrim inate between trees used by porcupines 
and unused trees (H arder 1979a). Porcupines m ay find trees in a certain range of 
dbh 's to be easier to climb (Roze 1989). However, it seems likely that tree dbh is 
correlated w ith  health and vigour, and  that these qualities drive the selection of 
feeding trees, because porcupines are know n for their ability to select optim ally 
nutritious vegetation to feed on (Faulkner and Dodge 1962, Tenneson and Oring 
1985, and Roze 1989). The specific tree species chosen to feed on differs 
depending on geographic location, the quality of forage, and the species available. 
However, in m any areas in the U nited States, porcupines use deciduous trees in 
w inter for food and resting sites, bu t w ere never seen to do so in our study area 
(Table 16).
Greater densitites of live trees w ere found on used sites than expected 
based on availability in both  w inter and summer. Because porcupines in 
northw estern W yoming appear to require live trees as a m ain source of shelter 
and  food in the w inter, it is not surprising that these animals are selecting for 
habitat w ith  large num bers of live trees around. Considering the burned nature 
of the study area, finding lower MBA of dead trees on used sites w as not 
surprising. Large expanses of severe stand-killing b u m  from the 1988 wildfire 
excluded porcupines in w inter (Fig. 2). This finding is correlated w ith the 
exclusion of porcupines from areas burned w ith  a deep depth  of char. D epth of 
char w as sometimes correlated w ith  the flame length of the burn. However,
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Table 16. Prim ary w inter foods of porcupines across N orth America.
Food Species Location Citation
White pinei, elm^, linden^ Minnesota Tenneson and Oring 1985
Spruces^, white cedarS New Brunswick Speer and Dilworth 1978
White cedar, hemlock^, beech^̂ Maine Curtis 1944
Hemlock, beech, sugar mapie^ Massachusetts Dodge 1967
Hemlock, red spruce^ New York (Adirondacks) Shapiro 1949
Beech, sugar maple New  York (Catskills) Roze1984
Jack pinelO Ontario Macdonald 1952
Hemlock, sugar maple Michigan Brander 1973
Sugar maple, yellow birchu Wisconsin Krefting et al. 1962
Ocotilloi2 Arizona shrub desert Reynolds 1957
Ponderosa pinel3 Idaho Curtis and Wilson 1953
Douglas-firi4, limber pine^S Alberta Harder 1979b
Spruces Alaska Murie 1926
Lodgepole pinei6, Douglas-fir, Wyoming (northwestern) Band 1996
spruce, limber pine.
subalpine-firi 7
1 Pinus strobus 0 Pinus banksiana
2 Ulmus americana 1 Betula lutea
3 Tilia americana 2 Fouqueria splendens
4 Picea spp. 3 Pinus ponderosa
5 Thuja occidentalis 4 Psuedotsuga menzeisii
6 Tsuga canadensis 5 Pinus flexilis
2 Fagus grandifolia 6 Pinus contorta
8 Acer saccarum 2 Abies lasiocarpa
9 Picea rubens
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m any areas w ith high flame length scars did not burn  deeply enough to kill the 
entire stand of trees. Porcupines used burned areas frequently w hen live trees 
w ere available. Thus, fire exclusion of porcupines in w inter w as more related to 
the highest depth  of char class, w hich frequently killed the entire stand of trees, 
and was less related to flame length alone.
The aforem entioned edge effect suggests that the long term effects of 
severe fire are probably beneficial to porcupines in northw estern Wyoming.
Fire in general causes openings in the forest, and porcupines use fragmented 
forest preferentially. It is not fire itself, bu t depth  of the b u m  that causes 
porcupines to be excluded in w inter. Deep burns create long-term forest 
openings, whereas m ilder burns appeared not to affect porcupine resting and 
feeding behavior.
The tree species m ost often used by porcupines for shelter and food was 
lodgepole pine (67% of used sites), although lodgepole pine only m ade up 28% of 
available sites. The m ost com m on tree available in the study area w as aspen 
(35%), b u t porcupines were never seen to use aspen for food or resting trees in 
the winter. This is at odds w ith  other studies on w inter habitat use of 
porcupines. In New  England, porcupines frequently feed on aspen and other 
deciduous trees (Curtis and Kozicky 1944, Roze 1984). I never saw a porcupine 
resting or feeding in a deciduous tree during w inter in my study area. The 
frequent use of lodgepole pine by porcupines may be due to the low lignin and 
high fat levels in this species as com pared to other conifers found in 
N orthw estern W yom ing (W aring and Schlesinger 1985). Low lignin content 
m akes lodgepole pine m ore digestible than  high lignin conifers, such as 
Englem ann spruce.
The use of areas w ith greater overstory canopy cover than that available 
probably corresponds to preferential use of sites w ith large, vigorous trees. 
Inaddition  to providing a nutritious food source, there is some evidence that the 
dense canopy cover of conifers provides protection from radiant heat loss (Speer
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and D ilw orth 1978, Roze 1987). A dditionally, there is evidence that juvenile and 
adu lt porcupines use habitats in a risk-sensitive m anner (Sweitzer and Berger
1992). Fisher (Martes pennanti), bobcat (Felis rufus), and coyote (Canis latrans) kill 
m ore efficiently in open areas (Woods 1973, Dodge 1967, Powell and Brander 
1977, Powell 1978,1993), and thick vegetation, such as dense tree cover, is a good 
predator deterrent (Keller 1935, Westfall 1956, Gill and Cordes 1972, Sweitzer and 
Berger 1992).
The w inter radiotelem etry data were gathered from a sam ple size of 5 
porcupines in 1995. A lthough each porcupine w as located a small num ber of 
tim es (mean # locations/anim al = 10), these data were useful to evaluate the 
effectiveness of the line transect m ethod used to gather m ost of the w inter 
habitat data. The radiocollared animals rarely denned, and all radio-collared 
animals w ere observed to rest and feed in coniferous trees. The radio-telemetry 
porcupine locations provided confidence in the effectiveness and accuracy of the 
line transect m ethod used in the w inter portion of this study.
Porcupines frequently used pure aspen stands in sum m er (50% of used 
sites), w hich w ere never used in the winter. Random habitat points in the 
porcupine 's hom e ranges were com prised of 42% aspen forest. Canopy cover was 
high on used sites in sum m er, providing shade cover, and possibly increasing 
available hiding cover by increasing the chances of dow ned logs being present. 
The dbh of the largest trees on used sites were greater than expected based on 
availability, possibly providing greater canopy cover and shade from the heat of 
the day. Daytime sum m er habitat w as typified by dense cover, such as thick 
bushes, piles of dow nfall, or com binations of the two. The most common 
daytim e resting sites porcupines chose w ere piles of windfall. Piles of dow ned, 
green aspen trees w ere favored, possibly for their dense hiding and shade cover. 
One porcupine w as observed several tim es resting inside a hollow cottonwood 
tree. W hatever the resting spot, porcupines in m y study area were invariably 
difficult to  find in sum m er, even w ith  the help of the radio-receiver.
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Dense vegetative cover is an effective predator deterrent (Sweitzer and 
Berger 1993), and because porcupines in northw estern W yom ing appear to rest 
alm ost entirely on the ground in sum m er, hiding cover m ay be critical to this 
anim al's survival. A nother reason w hy these animals selected for dense hiding 
cover, and  thick canopy cover, could be the porcupine's extreme heat sensitivity 
(Shadle 1950, Roze 1989). Deep shade cover in sum m er could be as critical to 
survival as avoiding predators. The use of thickets, tangles, and large piles of 
logging slash by porcupines elsew here in N orth America have been docum ented 
(Marshall et al. 1962, Craig and Keller 1986). Most porcupines in m y study area 
d id  not rest in the tree canopies in sum m er, as com pared to porcupines studied 
in the eastern United States (Roze 1985, 1989). Some researchers have suggested 
that porcupines take to trees to escape the onslaught of insect pests in the 
sum m er (Marshall et al. 1962).
Intensely burned areas m ay exclude porcupines even in sum m er, if 
sufficient shade and hiding cover is lacking. O lder fires, or light to m oderate 
fires, could be beneficial to porcupines if herbaceous forb grow th is im proved by 
the fire. The 3 porcupines fitted w ith  radiocollars near the severe burn  of 1988 
w ere killed during  May and June of 1995. The possibility exists that lack of cover 
in the intensely burned  areas could have caused these porcupines to be more 
vulnerable to predators. Because only radio-collared porcupines could be found 
in the sum m er, the possibility exists that m ore m ortalities than know n may 
have occurred in the severely burned portion of the 1988 wildfire. This avenue 
should be explored by further research.
Proximity to a gross habitat edge in sum m er was not selected for, probably 
because of the radical shift in the foraging strategy of porcupines between 
seasons. In the summ er, porcupines become ground foraging animals, and 
select for fresh herbaceous grow th not available in w inter (Curtis and Kozicky 
1944, M arshall et al. 1962, Brander 1973, Smith 1979, Roze 1989, Sweitzer and 
Berger 1993). In my study area, the exclusive use of conifer trees for shelter and
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food in w inter precluded use of m any of the habitats used by porcupines in the 
sum m er. In summer, conifer trees do not appear to be necessary to porcupines 
in northw estern W yoming. Any habitat site w ith  sufficient hiding cover is ideal 
in sum m er for a daytim e resting place, and at night porcupines w ander through 
a variety of habitats searching m ainly for succulent herbaceous ground forage 
(Dodge 1967, Tenneson and Oring 1985, Roze 1989). In New York state, 
porcupines used deciduous trees frequently to feed and rest in during both 
sum m er and w inter (Dodge 1967, Roze 1989). However, this behavior was never 
observed in m y study area.
SUM M ARY
The N orth  Am erican porcupine has distinct habitat preferences, and as an 
ecologically im portant herbivore, the implications of possible short and long­
term  benefits of fire to this anim al are quite interesting. Information on benefits 
of fire to porcupines has the potential to increase public awareness, and 
acceptance of, controlled bum  program s and forest fire in general.
H abitat fragm entation is a process by w hich homogenous tracts of land are 
broken into sm aller patches, often dissim ilar in structure and function. 
Fragm entation can occur as a natural process, by fire, w indstorm , or flood, but 
also occurs due to land m anagem ent practices. Regardless of changes in 
landscapes, w ildlife com m unities will still exist, albeit in assemblages that m ay 
differ greatly from historic assemblages. Species adapted to large, unbroken tracts 
of habitat are on the decline, w hereas species w ho thrive in fragmented 
landscapes, w ith  a prevalence of edge, and mixes of vegetative composition are 
surviving well (Laudenslayer 1984).
Porcupines apparently are a species that could adapt extremely well to 
hum an-caused forest fragm entation. Fragm enting land m anagem ent practices, 
including b u t not lim ited to fire m anagem ent, could cause porcupine
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populations to increase. Decreases in populations of porcupine predators, such 
as fisher (Martes pennanti), lynx (Felis canadensis), coyote (Omis latrans), bobcat 
(Felis rufus), and m ountain lion (Felis concolor) also could cause increases in 
porcupine populations. The com bination of fragm entation and loss of predators 
has the potential to cause an excess of porcupines in certain areas, possibly 
creating a m anagem ent problem. Porcupines display am azing adaptability, and 
the flexibility to use different habitats, despite their clear foraging preferences.
The porcupine is a quilled, arboreal rodent, and ranges north into Alaska 
and south into northern  Mexico. This unusual herbivore has complex ecological 
relationships w ith  vegetation and other species of wildlife. The alteration of 
porcupine habitat by fire disturbance m ay impact porcupine density and habitat 
use. The implications of changes in num bers and behavior by porcupines in 
response to fire is far-reaching. Changes in porcupine density and behavior 
potentially could im pact several other species of wildlife. The fisher frequently 
hunts porcupines, and has coevolved w ith  porcupines in a predator-prey 
relationship for thousands of years (Powell 1993). Red squirrels, snowshoe hares, 
and other small rodents are also part of the fisher's diet. Recent interest in fisher 
and other little-understood forest carnivores m eans that knowledge of porcupine 
ecology, including responses to habitat disturbance, could become im portant in 
conserving populations of fishers and other carnivores that prey on porcupines.
Because porcupines m ay be affected favorably by habitat fragmentation in 
the long-term, and the same habitat fragm entation m ay adversely affect 
porcupine predators such as the fisher, cum ulative effects of fragm entation m ust 
be considered prior to any fragm enting m anagem ent activity, such as allowing 
w ildfires to burn  or initiating controlled burning. The advantages fire in general 
m ay have for porcupines and their habitat makes the porcupine an appropriate 
anim al to use in teaching lay-people about beneficial fire effects on mammals. 
Caution is advised here, because fragm entation m ay adversely affect other 
w ildlife species that have an aversion to habitat edge, such as the California red-
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backed vole (Clethrionomys californicus) (Mills 1995). The fragm entation of large 
w ildlife populations into smaller, island populations m ay increase the chance of 
extinction for those populations (Frankel and Soule 1981, Yahner 1988, Lande
1993). Forest carnivores and their response to habitat edge are not well 
understood, bu t these carnivores m ay prefer unfragm ented forest, or forest 
w hich is "naturally" fragm ented, such as by fire, rather than hum an- 
m anipulated fragm entation, such as logging or agriculture.
Porcupines decreased in num bers after the réintroduction of the fisher in O ttawa 
National Forest (Powell 1993). H igh porcupine density may be one factor that 
could determ ine areas that are appropriate for porcupine control by fisher 
réintroduction. Reintroducing natural predators can m anage problematically 
h igh porcupine num bers effectively (Powell 1993).
The utility of the DFA m odel developed in this study m ay not be entirely 
evident un til it is used for a num ber of years, in a variety of m anagem ent 
circumstances. If sites w ith breeding porcupine populations are being selected for 
predator-reintroduction efforts, the w inter and sum m er DFA models described 
here could assist in determ ining w hich areas have an appropriately dense prey 
base. Porcupine predators, particularly the co-evolved fisher, may select for 
sim iliar habitat param eters as porcupines. If this is the case, predicting w hat 
habitats porcupines are likely to use could indicate w here predators, such as 
fisher, are likely to be distributed. This could help m onitoring and 
presence/ absence studies on forest carnivores become more efficient.
The ecological interrelationships of porcupines w ith m any other species 
cannot be ignored w hen m aking m anagem ent decisions, such as initiating 
controlled b u m  program s, or assessing the im pact of w ildfires on mammals.
O ne of the m ost useful roles of w ildlife-habitat m odels is to facilitate the 
synthesis of ecological ideas, prom ote better understanding of ecosystems as a 
w hole, and to assist in com prehending the function and im pact of ecosystem
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processes such as fire. Simple habitat m odels should also provide an accurate 
fram ew ork for m aking conservation-based decisions, such as reintroducing an 
endangered or threatened carnivore, or protecting a rare forest from the 
cum ulative im pacts of an uncurbed porcupine population.
There are several avenues of porcupine research I recom m end pursuing. 
The fire aspect of this study could be continued to examine the im pact of the 
years following a fire on porcupines. Radio-telemetry could be used to compare 
habitat use and predator-caused m ortality rates of porcupines in severely burned 
areas to those in unbum ed areas. The deaths of the 3 anim als radio-tracked in 
the severe part of the 1988 wildfire suggests that burned areas m ay provide less 
cover and m ake resident porcupines m ore vulnerable to predation. Due to the 
small sam ple size, no conclusions can be draw n. In other study areas, where 
porcupine population estimates are higher than in our recently burned study 
area, fire histories could be compiled. These fire histories could be used to look 
at the im pacts of fire on porcupines over the long-term, in order to help 
determ ine w hether porcupine populations are affected by fire.
The field portion of this project was used as a teaching tool by the Great 
Plains Wildlife Institute (GPWI). Porcupines are relatively docile, and adapt to 
hum an presence easily (Spencer 1949, Brander 1973, Roze 1989), which made 
them  an  ideal anim al to use in teaching lay-people about wildlife research, 
conservation, and ecology. Porcupines are considered a wildlife tourist attraction 
(Rudolf 1949), and  the clients of GPWI show ed great interest in their physiology, 
behavior, and ecology. Through GPWI, this project provided a unique 
opportunity  to lay-people of all ages to participate in hands-on research w ith  
wildlife. Low-im pact interaction w ith porcupines in a burned ecosystem w as a 
unique teaching opportunity. This project expanded public awareness of the
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environm ent/ w ildlife conservation, and ecology. Fire appears to impact the 
habitat use of porcupines, and m ay im pact their population characteristics as 
well. The interactions of porcupines w ith  natural disturbance and fragmented 
landscapes could be used to further educate the public about complex ecosystem 
processes.
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A n i­
m al#!
Sex Ear-tag
Description^
Dorsal
(cm)
V en tral
(cm)
Sternal
(cm)
Left Rear 
pad (cm)
W eight
(kg)
Date
19 f 2 /D -w /P -g /r 77.5 73.9 63.1 6.2 10.5 3 /3 /94
18 f 3 /w /y /r 76.2 76.1 65.6 6.0 9.2 3/1/94
29 m 2 /D ^ /P -p /l 98.7 88.4 64.3 6.6 11.5 3/2/94
35 m 3 /Ib /p /I 76.7 73.1 71.0 6.0 9.0 2/26/94
28 f 3 / r /w /r 83.8 68.6 68.6 6.7 8.6 2/28/94
33 m 4/D -lb /P -r/l 86.4 81.3 76 6.8 11.4 2/28/94
38 m 4 /D -r/P -p /l 81.3 75.0 73.2 5.1 10.9 2/23/94
37 * 4 /D -r/P -g /r * * * * * 2/22/94
33 m 4/D -p /P -b /r * * 12.0 1/9/94
16 f 4/D -g/P -y /r 76.3 75.9 62.2 5.8 8.25 2/1/94
30 m 4/D -w /P -y /l 83.8 76.0 73.7 6.4 11.5 2/3/94
20 f 4 /D -b/P -g /r 78.7 71.1 66.0 5.1 9.5 2/2/94
25 f 4 /D -r/P -y /r 78.7 73.7 60.9 6.0 10.5 2/1/94
24 f 4 /D -p /P -y /r 71.1 63.5 66.0 3.8 8.2 1/29/94
27 m 3 /p /g / l 86.4 78.7 73.7 6.4 10.9 1/26/94
7590 m 1 /y /l 85.1 77.5 53.3 6.4 10.0 1/21/94
11 m 1 /b /l 83.8 83.8 71.1 6.3 12.0 1/16/94
7 f 1 /o /r 80.0 69.2 55.9 7.0 10.2 1/4/94
8 f 1 /lb /l 80.0 73.6 66.0 7.6 11.4 1/4/94
9 f 1 /w /r 80.1 76.0 70.0 5.7 11.3 1/10/94
15 f 1 /g /r * * 9.6 1/20/94
10 f 3 /Ib /w /r 76.3 55.9 91.4 5.1 9.3 1/14/94
40 £ 4 /D -w /P -g /r 3 f 79 74 sf- 10 3/9/94
41 f 2 /D -b/P -g /r 74.1 75.3 50.8 6.0 9.8 3/10/94
12 f 2 /D -b /P -w /r 81.2 67.3 78.7 5.7 10.7 1/17/94
17 f 4 /D -r/P -w /r 81.9 74.3 65.4 6.9 8.75 2/15/94
37 f 4 /D -g /P -y /r 76.8 71.1 69.8 7.5 9.5 7/9/94
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A n i­
m al#!
Sex Ear-tag
Description2
Dorsal
(cm)
V en tral
(cm)
Sternal
(cm)
Left Rear 
pad  (cm)
W eight
(kg)
Date
55 m 3 /lb /w /l 86.0 74.5 65.5 7.5 10.0 2/9/95
57 f 4 /D -b/Py/r 77.5 74.5 50.0 6.6 9.0 2/23/95
58 f 1 /r / r 59.1 55.9 31.8 4.5 3.25 3/1/95
65 f 1 /p /l 74.9 63.5 48.3 6.8 6.4 3/19/95
64 f 1 /g /l 88.9 76.2 55.9 6.3 11.8 2/16/95
62 f 2/D -b/P-lb/l 63.5 55.9 43.2 3.8 7.7 1/13/95
63 f l / o / l 66.0 63.5 55.9 6.4 11.4 1/20/95
61 m 4/D -lb /P -y/r 61.0 55.9 45.7 3.8 7.3 1/13/95
#7 Standard Fingerling Tags (National Band and Tag Co., Newport, Kentucky)
2 Ear-Tag Codes: Style:
Colors:
Position 
of Colors 
(for styles 2,3):
1 =  O  
2= CO 
3= B  
4= £ S  
w = white 
y = yellow 
r = red
b = dark blue 
lb = light blue 
g = green 
p = pink 
o = orange
D = distal 
P = proximal
Missing measurements due to light tranquilization and difficulty in handling 
the animal without causing stress
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
APPENDIX B: Porcupine capture information on drug dosages, temperature, time 
at injection, immobilization, and recovery.
A ni­
m al
#1
Drug
Dose
(cc)
Ratio of 
K etam ine 
: Rompun
Tim e
injected
Time
Im m obi­
lized
Time
Recov­
ered
Tem- 
peratu 
re (F)
W eight
(kg)
Date
19 0.5 1:1 3:24pm 3:29pm 4:23pm 51 10.5 3/3/94
18 0.5 1:1 3:03pm 3:13pm 4:18pm 49 9.2 3/1/94
29 0.8 1:1 2:47pm 2:51pm 3:22pm 45 11.5 3/2/94
35 0.7 1:1 2:59pm 3:04pm 3:55pm 35 9.0 2/26/94
28 0.5 1:1 4:55pm 4:59pm 5:40pm 25 8.6 2/28/94
33 0.5 1:1 2:37pm 2:45pm 3:30pm 35 11.4 2/28/94
38 1.2 1:3 2:26pm 2:39pm 3:15pm 23 10.9 2/23/94
37 1.5 0:1 2:20pm * * 20 * 2/22/94
33 0.7 1:1 2:20pm 30 12.0 1/9/94
16 0.5 9:1 3:14pm 3:21pm 4:15pm 28 8.25 2/1/94
30 0.8 1:1 12:30pm 12:37pm 1:15pm 0 11.5 2/3/94
20 0.5,
0.3,
0.3
0: 12, 
1:1, 
1:1
3:30pm
(first
inject.)
3:47pm 4:30pm 0 9.5 2/2/94
25 0.9 1:1 11:30am ll:32am4 1:45pm -10 10.5 2/1/94
24 1.0 0: 13 4:00pm 4:10pm 4:30pm 18 8.2 1/29/94
27 1.0 1:1 1:45pm 1:55pm 2:45pm 28 10.9 1/26/94
7590 0.5 9:1 3:03pm 3:09pm 4:00pm 24 10.0 1/21/94
11 0.7 9:1 3:55pm 4:06pm5 5:25pm 25 12.0 1/16/94
7 0.8 1:1 3:55pm6 4:06pm 5:15pm 45 10.2 1/4/94
8 0.9 1:1 9:45am7 9:53am 11:05am 34 11.4 1/4/94
9 0.8 9:1 2:35pm 2:42pm 4:15pm 20 11.3 1/10/94
15 0.8,
0.78
9:1 4:18pm,
4:34pm
Jf * 17 9.6 1/20/94
10 0.7 9:1 1:20pm 1:30pm 2:30pm 35 9.3 1/14/94
40 0.5 9:1 3:28pm 3:32pm 3:55pm 45 10 3/9/94
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A ni­
m al
#1
Drug
Dose
(cc)
Ratio of 
Ketam ine 
: Rompun
Tim e
injected
Tim e
Im m obi­
lized
Time
Recov­
ered
Tem-
peratu
re(F)
W eight
(kg)
Date
12 0.8 9:1 12:39pm 12:46pm 2:00pm 22 10.7 1/17/94
37 0.6 1:1 12:35am 12:42am 1:56am 75 9.5 7/9/94
34 0.1 1:1 1:06am 1:06am 2:15am 75 3.2 7/9/94
55 1.69 9:1 2:57pm-
3:50pm
3:29pm 4:45pm 35 10.0 2/9/95
59 0.7 9:1 3:55pm 3:58pm 5:41pm 25 8.5 1/25/95
57 0.5 9:1 4:32pm 4:35pm 5:07pm 45 9.0 2/23/95
58 0.5 9:1 2:45pm 2:46pm 4:06pm 31 3.25 3/1/95
65 0.9 1:1 2:20pm 2:24pm 4:00pm 35 6.4 3/19/95
64 0.8 1:1 1:15pm 1:20pm 2:15pm 30 11.8 2/16/95
62 0.2 1:1 3:00pm 3:04pm 3:15pm 41 7.7 1/13/95
63 0.6,
0.4,
0.6
1:1 2:30pm 2:45pm 3:15pm 7 11.4 1/20/95
61 0.5 1:1 11:20am 11:23am 12:40pm 41 7.3 1/13/95
#7 Standard Fingerling Tags (National Band and Tag Co., Newport, Kentucky)
Animal never became sedated, thus no times for immobilization or recovery 
First injection of 100% Rompun caused an aggressive response
Extremely cold day, animal became sedated so rapidly I had no time to respond, and it fell 8 m into 
deep powder. Recovered after long sedation, no injuries.
100% Rompun worked very well, deep sedation for a short time period 
Captured by GPWI with clients, animal fell from tree, no injuries apparent. I checked on 
animal three days after and it appeared fine.
Capture by GPWI, animal fell from tree, was captured on the ground and then injected 
Capture by GPWI, animal fell from tree, was captured on the ground and then injected
8 Syringe cracked, last sterile syringe, neither dosage was injected, animal was not sedated during
ear-tag placement, stressful capture.
9 Capture by GPWI with clients, a total of 6 injections was used before animal could be
handled
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